
LIQUID-CRYSTAL DISPLAY DEVICE 




5 The present invention relates to a transmission type or 

transmission-reflection double type liquid crystal display 
device which can he reduced in thickness and weight easily and 
which is excellent in display quality. 

The present application is based on Japanese Patent 
10 Application No . Hei . 1 1-361236, which is incorporated herein 
by reference. 

2 . Description of the Related Art 

Greater reduction in thickness and we ight o f transmission 
type liquid-crystal display devices has been demanded for 

15 purposes of suppression of increase in weight with the advance 
of increase in size of television and personal computer display 
screens, reduction in size and weight of portable personal 
c o mo u t e r s and portable telephone sets, etc . In the meanwhile, 
it is difficult to reduce thickness and weight of a transmission 

20 type liquid- crystal display device provided with a 

back- lighting system using a background-art bottom type or 
side- light in j type light pipe. Incidentally, the bottom-type 
back-lighting system generally has a thickness cf not smaller 
than 4 mm because a light source, a light diffusing plate and 

25 a reflector are disposed ]ust under a liquid-crystal display 




c f not smaller than 1 mm under :ne necessity o: light trans missi o n 

are disposed on the s iae- 1 i ght ing type light pipe, the total 
3 thickness generally reaches a value of n:-t smaller than 3 mm. 

SUMMARY OF THE INVENTION 
An object cf the present invention is to develop a 
transmission type or transmission-reflection double type 

1 0 liquid-crystal display device which can be reduced in thickness 

and weight easily and which is excellent in display quality. 

According to the present invention, there is provided 
a liquid- crystal display device comprising : a transmission type 
liquid-crystal panel including a liquid-crystal cell; a light 
15 source disposed on at least one side surface of the 

1 1 quid- crystal display panel; and an optical path changing sheet 
disposed on a back side opposite to a visual side of the 
liquid-crystal display panel and provided with optical path 
changing slopes by which incident light from the light source 

2 0 is reflected toward the visual side of the liquid- crystal display 

device . 

According t :> the present invention, while incident light 
from a 1 ight source disposed on a sice surfa re of a liquid-crystal 
display panel by use of liquid-crystal cell substrates is 
25 transmitted backward efficiently, the optical path of the 




car be f srmeu by :ne optical path -hanging sheet excellent m 
thickness, and formed by arrangement of a light source cn its 
side surface. A transmission type liquid-crystal display 



device which is excellent in thickness and weight and which 
is bright and excellent in display quality can be formed. When 

10 a reflection layer is disposed on the back surface of the optical 
path changing sheet, a t r ansmi s s ion- r e f 1 ec t 1 on double type 
liquid-crystal display device can be formed easily. 

The above descr ipt ion is based on use of a slope reflection 
type optical path changing sheet. That is, light incident on 

15 a side surface or transmission light thereof is reflected by 
slopes so that the optical path of the light can be changed 
with good directivity. In a method of scatter reflection by 
a rough surface as described in JP-A- 5- 1 58 0 3 3 , it is difficult 
to achieve the aforementioned effect. Incidentally, 

20 JP-A-5-158033 teaches a reflection type liquid-crystal display 
devise in which illumination light is made incident on a side 
sur f a :e of a liquid-crystal display panel and totally reflected 
by a visual siae ceil substrate and m which the reflected light 
is scattered by a rough surface type reflector so that the 

25 scattered light is utilized for display. 




to be utilized for display is the light that emits from the 

condition by scattering. Generally, scattered light exhibits 
5 a normal distribution navmg a direction o^f positive reflection 
as a peak . Hence, the a f orenen t ioned display light is tne light 
which is hardly utilized efficiently for display greatly 
inclined with respect to a f rental (vertical) direction. Hence, 
the display becomes dark in the frontal direction. 

10 Nevertheless, intensifying scattering through the rough 
surface type reflector is unfavorable for display in 
consideration of viewing in a reflection mode because the 
quantity of light in the frontal direction is reduced. It is, 
therefore, necessary to adjust scattering intensity to keep 

15 balance between both transmission and reflection modes in such 
a rough surface type reflection method. It is, however, 
difficult to obtain scattering intensity favorable to the two 
modes because the two modes are antinomic to each other. 

On the 'Other hand, the slope reflection type optical path 

20 changing sheet according to the present invention mainly 

utilizes light exhibiting a peak in the direction of positive 
reflection and controls the optical path of the reflected 1 ight . 
Hence, directivity favorable for display, particularly frontal 
directivity, can be provided easily. Hence, a i: right 

25 transmission mode can be acnieved. Also m a reflection mode, 




olcpes Car.D^utiiized. Hence, the state of 1 i a h c canbe calariced 
easily s: as to be favorable to both transmission and reflection 
modes . 

5 Features and advantages of the invention will be evident 

from the fcllov;mg detailed description of the preferred 
embodiments described in conjunction with the attached 
drawings . 

1 0 BRIEF DESCRIP T ION OF THE DRAWINGS 

In the accompanying drawings : 

Fog . 1 is an explanatory sectional view showing an example 
of a transmission type (transmission-reflection double type) 
liquid-crystal display device; 
15 Fig. 2 is an explanatory sectional view showing another 

example of the transmission type (transmission-reflection 
double type) liquid-crystal display device; 

Fig. 3 is an explanatory side view showing an optical 
path changing means in an optical path changing sheet; 
2 0 Fig . 4 is an explanatory perspective view showing a further 

ex amp le o f the transmission type liquid-crystal displaydevice; 

Fig. 5 is an explanatory perspective view showing a further 
example c f the transmission type 1 1 quid- crystal display device; 

Fig. 6 is an explanatory side view shewing an example 
25 of the optical path changing sheet; 
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or one opri:a: pair, ranging sneet; 
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DETAILED DE SCRIPT IC 

The liquid-crystal display device according to the 
present invention comprises: a transmission type 
liquid-crystal panel including a liquid-crystal ceil; a light 

10 source disposed on at least one side surface of the 

1 i quid- crystal di spl ay panel ; and an opt i ca 1 pa th changing sheet 
disposed on a back side opposite to a visual side of the 
liquid-crystal display panel and provided with optical path 
changing slopes r>y which incident light from the light source 

15 is reflected toward the visual side of the liquid- crystal display 
device. Figs. 1 and 2 show examples of the liquid-crystal 
display device . In Figs, land 2, L designates a liquid-crystal 
display panel; 11, an optical path changing sheet; Al , optical 
path changing slopes; and 91 and 93, light sources. 

20 A su i tab le t ran sm is si on type display panel at least having 

a liquid-crystal cell can be used as the liquid-crystal display 
panel L. That is, as shown m Figs. 1 and 2, it is possible 
to use, as the liquid-crystal display panel L, a display panel 
which at least has a 1 i quid- cr ys t a 1 cell having liquid orystal 

25 70 enclosed between cell substrates 41 and 42 throuah a sealinc 




oar t i tulariy limited in kind. 



Incidentally, specific examples if the liquid-crystal 
cell include, on the basis if the format if alignment of liquid 
crystal, a TN liquid-crystal cell, an STN liquid-crystal cell, 
a perpendicularly aligned cell, an HAN cell, a twisted or 

10 non-twisted cell such as an OCB cell, aguest-host liquid-crystal 
cell, or a ferroelectric 1 iquid-cr ystal cell, etc. Further, 
a suitable drive method such as an act ive matrix met nod, a passive 
matrix method, or the like, may be used as the method for driving 
liquid crystal. As shown in Figs. 1 and 2, the liquid crystal 

15 is generally driven through transparent electrodes 51 and 52 
provided on the inner side of the pair of cell substrates 41 
cine 4 ^ . 

A sui table transparent substrate such as a glass substrate 
or a resin substrate can be used as each of the cell substrates. 

20 Fscec rally, a substrate made of an optically isotropic material 
is preferably used from the point of view of display quality, 
or the like. A substrate such as a non-alkali glass plate 
exhibiting excellent tolor lessness and transparency with 
respect to a iolue glass plate is preferably used from the point 

25 of view of improvement cf luminance and display quality. A 




reduction in weigh:, or the like. The thickness of the cell 
substrate car be determined suitably in accordance with 



enclosing strength of liquid crystal, or the like, without any 
5 particular limitation. The thickness of the ceil substrate 
is generally selected tc be m a range of from 10 p. m to 5 mm, 
particularly in a range o f f rom 5 0 p. m to 2 mm, more particularly 
m a range of from 100 u m to 1 mm, from the point of view of 
balance between light transmission efficiency and reduction 
10 m thickness and weight. 

For the formation of the ii quid-crystal cell , one suitable 
functional layer or two or more suitable functional layers may 
be provided as occasion demands. Examples of such functional 
layer include an aligned film made of a rubbed film for aligning 
15 the liquid crystal, a color filter for color display, and so 
on. Incidentally, aligned films 61 and 02 are generally formed 
on transparent electrodes 51 and 52 as shown in Figs. 1 and 
2. A cclor filter not shown is generally provided between one 
of the cell substrates 41 and 42 and corresponding one of the 
20 transparent electrodes 51 and 52. 

The 1 i qui d - crystal display panel may cc n tain one sui table 
optical layer or two or more suitable optical layers such as 
polarizers 21 and 22, retarders 31 and 52, a light diffusing 
layer 13, etc. added tc the liquid-crystal cell as shown m 
25 Figs. 1 and 2. The polarizers are provided for achievement 




cf display using linearly polarized light. The retarders are 
provided for improvement cf display quality by compensation 
for retardation due :o birefringence of liquid crystal. The 
light diffusing layer is provided for enlargement of a display 
5 range due to diffusion of display light, uniformi ty of luminance 
due to leveling cf emissicn-line-1: ke light emission through 
slopes of the optical path changing sheet, increase of the 
quantity of light inci.dent on the optical path changing sheet 
due to diffusion of transmission light in the liquid-crystal 

10 display panel, etc. 

A suitable material can be used as each of the polarizers 
without any particular limitation. From the point of view of 
obtaining good-contrast-ratio display due to incidence of 
high-grade linearly polarized light, etc., for example, an 

15 absorption type polarizing film made of a drawn film having 
a dichromatic mate rial such as iodine or di chroma t ic dye adsorbed 
on a hydrophilic macromolecular film such as a polyvinyl alcohol 
film, a partially formalized polyvinyl alcohol film or a 
partially saponified e thy 1 ene- vinyl acetate copolymer film may 

2 0 be p refer ablyused. Or a fiimhigh in the degree of polarization 
such as the absorption type polarizing film having a transparent 
protective layer provided on one or each side of the absorption 
type polarizing film may be preferably used. 

A material excellent in transparency, mechanical 

2 5 strength, thermal stability, moisture shielding characteristic, 



9 




etz. is preferably used for the formation of the :ransparer:: 
protective layer. Examples of the material include: polymers 
sum as acetate resin, polyester resin, p-o 1 ye t he r - s u 1 f one resin, 
polycarbonate resin, poiyamide resin, polyimide resin, 
5 pciyoiefin resin, acrylic resin, poiyether resin, polyvinyl 
chloride resin, polystyrene resin and r.orbornene resin; 
heat-curable or ultraviolet-curable resins such as acrylic 
resin, urethane resin, acrylic urethane resin, epoxy resin, 
silicone resin, etc.; and so on. The transparent protective 

10 layer may be bonded as a film by a tending method or may be 
applied as polymer liquid by a coating method. 

The polarizers to be used, particularly the visual side 
polarizer, may be subjected to non-glare treatment or 
anti-reflection treatment for preventing viewing from being 

15 disturbed by surface reflection of external light. Non-glare 
treatment can be made by forming a surface as a structure of 
fine unevenness. In the non-glare treatment, various methods 
may be used for forming a surface as a structure of fine unevenness . 
Examples of the methods include: a surface roughening method 

20 such as a sandblasting method, an embossing method, etc.; a 
me t ho do f mixing transparent par tides such as silica particles; 
and so on. An t i -re fleet ion treatment may be made by a method 
of forming an interference vapor deposition film, -or the like. 
Alternatively, non-glare treatment or anti-reflection 

25 treatment can be made by a method of bonding a film having such 




On the other hand, ea:h of the retarders may he formed 
of a suitable material . Examples of the material include a 
birefringence film obtained by stretching a film of a suitable 
polymer, for example, as shown in the description of the 

10 transparent protective layer by a suitable method such as 
uni-axial stretching, bi-axial stretching, or the like; an 
aligned film of a suitable liquid-crystal polymer such as a 
nematic liquid-crystal polymer or a discotic liquid-crystal 
polymer; and an aligned layer of the aligned film supported 

15 by a transparent substrate. A material having a refractive 
index controlled in a direction of thickness under the operation 
of heat shrinkage force of a hea t-shr mkabl e film nay be also 
used . 

The compensatory retarders 3 1 and 32 shown in Figs. 1 
20 and 2 are generally disposed between the visual side polarizer 
2 1 and the liquid-crystal cell and/or between the back side 
polarizer 22 and the liquid-crystal cell as occasion demands. 
A suitable material can be used as each of the retarder 
accordance with tne wavelength range, etc. Each of the 
25 retarders in plates may ce formed of a laminate of two or more 




metnod using a coating layer, a diffusing sheet, or one like, 



layer. The light diffusing layer 13 shown in Figs. 1 and 2 
is formed c f an adhesive layer containing transparent particles . 
The light diffusing layer 13 serves also as a layer for bonding 
the polarizer 23 an:i the retarder 32 to each other, so that 

10 reduction in thickness is acnieved. A suitable adhesive agent 
can be used for the formation c f the adhesive layer . The adhesive 
agent contains, as a base p:lymer, a suitable polymer such as 
a rubber polymer, an acrylic polymer, a vinyl-al kyl-e ther 
polymer, a silicone polymer, a polyester polymer, a po 1 yur ethane 

15 polymer, a polyether polymer, a polyamide polymer, a styrene 
polymer , etc . 

Especially, an adhesive agent excellent in transparency, 
weather resistance, heat resistance, etc. such as an adhesive 
agent containing, as a base polymer, a polymer mainly containing 

20 alkyl ester of acrylic acid or methacryiic acid is used 

preferably. As the transparent particles to be mixed in the 
adhesive layer, there can be used one or two members suitably 
selectee from the group consisting of, for example, inorganic 
particles of silica, alumina, titania, zirconia, tin oxiae, 

25 indium cxide, cadmium oxide , antimony oxide, or the like, which 




-he light sources disposed on side surfaces 



5 liquid-crystal display panel are provided so that lie he oc re 
utilized as light for illuminating the liquid-crystal display 
device is mace to enter the side surfaces if the liquid-crystal 
display panel. Hence, reduction in thickness and weight if 
the liquid-crystal display device can t e achieved when the 1 ignt 

10 sources are used in o:mbination with the optical path changing 
sheet disposed on the back of the panel . A suitable 1 ight source 
can be used as each of the 1 ight sources. Examples of the 1 i ght 
source preferably used include a linear light source such as 
a (cold or hot) cathode tube, a point light source such as a 

15 light-emitting diode, an array of point light sources arranged 
in line or plane, and a combination of a point light source 
and a linear light pipe for converting incident light from the 
point light source into light of a linear light source through 
the linear light pipe. 

20 One light source 91 may be disposed on one side surface 

of the liquid-crystal display panel L as shown in Fig. 1 or 
light sources 91 and 93 may te disposed on two or more side 
sur races oz the 1 iqu io- crystal display panel L as shown in Fig:. 
2. When light sources are disposed cn a plurality of side 

25 surfaces, the plurality of side surfaces may be creviced as 



* 



in 2 or r.ay be provided as a cembinat ;on of side surfaces 

surfaces nay be provided as a combination of three or core side 
5 surfaces by use of the a f o redone icrea :ombma:ions ao once. 
The light sources make it possible tc viev; the 
liquid-crystal display device in a transmission mode in which 
the light source is swi tehee on. In the oase where the 
liquid-crystal display device is provided as a 

10 transmission-reflection dour I e type liquid-crystal display 
device, the light source oon be switched on/eff because it is 
unnecessary to switch en the light source when the display device 
is viewed in a reflection nude due to external light. Any 
opt ion a 1 method may be used f o r switchina on/of f the 1 i cunt source 

15 That is, any one of bac >g r c und -ar t methods may be used. 

Incidentally, the light source may be of a multicolor light 
emission type in which the color c f emitted light can be changed . 
Or different types of light sources may be provided so that 
multicolor light emission can be made by the different types 

2 0 of light sources. 

As shown in Figs. 1 and 2, each o>f the light sources 91 
and 93 may be used in co-mbina t ion with a suitable assisting 
means such as a refleotor 92 for enclosing the light souroe 
to lead scattered light to a sice surface of the 1 i quid- cr ys t a 1 

25 display panel 1 as occasion demands. A suitable reflection 




source icy a method or bonding an end portion of one reflecoor 
to an end portion of the cell substrate of the 1 1 quid- or ys t a i 
display panel. 

The optical path changing sheet is disposed on the back 
side (opposite to the visual side) of the liquid- orystal display 
panel so that the optical path of incident light or transmission 
_ight fron the light source 91 disposed on the liquid-crystal 
display panel L as represented by the arrow in Fig. 1 is changed 
in the visual side of the panel to re used as illumination light 
(display light) . For this purpose, the optical path changing 
sheet 11 is provided with slopes Ai as shown in Figs. 1 and 
2. The slopes Ai reflect light, which is incident from the 
light sources 91 and 93, in a predetermined direction to thereby 
change the optical path of the light. 

The optical path changing sheet may be formed as a suitable 
sheet having optical rath changing slopes exhibiting reflecting 
characteristic as described above . From the point c f view of 
•obtaining illumination light excellent in frontal direotivitv 
through optical path marge, it is preferable that an optical 
path changing sheet caving optical path changing means A each 



inciGf-nc? s i gg s 'j. it t scg ^ s ^ 6 c i ! 
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wnicn contains cp:::a. oatn cnanama slopes 



10 



15 



20 



rigs. to Jr. snow exar.pies' or oniy one optical parh 

changing means constituted by optical path changing slopes or 
prismatic structures as described above. In Figs. 3A to 3C, 
each of the optical path changmcr moans A is shaped sut stantially 
like a triangle in section. In Fogs. 3D and 3E, each of the 
optical path changing means A is shaped substantially like a 
rectangle in section. In Fig. 3A, each of the optical path 
changing means A has 'Optical path changing slopes Al sc. as to 
be an isosceles triangle. In Fig. 33, each of the optical path 
changing means A. hafe an opoioal path changing slope Al, and 
a. steep slope A2 havir.g an inclination angle larger than that 
cf the slope Al with respect to a sheet plane. In Fig. 3C, 
eac h o f t he op t: i c a 1 p a t h c h a n c n g sheet is provided as a 
repetitive structure of a plurality of optical path changing 
means A each constituted by an optical path changing slope .Al 
and a gen t .1 e slope A2 h a v i n g a n inclination angle smaller t h a n 
that of the slope Al with respect to tne sheet, plane. in Fio. 

" of optical path changing means A are formed 
le whole surface of cr£ side- of the; sheet so tnat the means 



.h are aa]acenm; 



'ex 



z i a . 



: n c e , as 



eaua.-siae sur:a:es or si<: 



.ng equal inclination angles. 
Alternatively, the optical path chancing means may be formed 
of concave or c:nvex porticr.s constituted by a combination of 
opti cal path changing slopes and steep or gentle slopes cr slopes 



ine Linat 
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2 0 



si ;ie surfaces and the position of each incidence sice surface. 
From the point of view c<f improving mar-proo f nes s to keep the 
slopes function high, optical path changing means constituted 
by concave portions is favorable to- -optical path changing means 
constituted by convex portions because the former has slopes 
hardly damaged, etc. 

The optical path changing sheet preferable from the point 
of view of achieving the aforementioned characteristic such 
as frontal direct ivity his op: icai pa:h changing slopes Al facing 
one i n c i d. e n z e si.de surface a n d inol meo at an 1 n c 1 1 n a 1 1 o n angle 
in a range of from 35 t : 48 degrees w i t h respect to t h e sheet 
r^ane as shewn in the drawir.es. Hence, when Liahc so 



aiscosec 



owe 



i r l a s e s o i. 
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osp^ay pane, ana two or more incidence surfaces are provided, 



siooes ~i 



;ue nuirxer ana dos::; j^s 
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scurces 1-^ ana b> o are aisccsed 
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panel l, as sn:wn m F:c. 2, tnere 15 preferably used an optical 
path changing sheet 11 constituted ry a plurality of optical 
path changing means A eath having two optical path changing 
slopes A 1 so a s to f o r m 1 1 k e an 1 s o s c e 1 e s t r i a n c 1 e 1 n sect! o n 

10 as shown m r ig. 3A, or constituted by a plurality of critical 
path than gin 0 means A each having two optical path changing 
slopes Al so as to form like a trapezoid in section as show- 
in Figs. 3D and 3E so. that the ridgeli.nes of the optical path 
changing sheet 11 each shaped by the two optical changing slopes 

15 Ai are parallel to the incidence side surfaces respectively. 
When light sources are disposed on two adjacent vertically 
crossing side surfaces of the liquid-crystal disc-lay panel, 
there is preferably used an optical path changing sheet having 
two critical path changing slopes Al facing the sice surfaces 

20 respectively so that the ridgelines of the two :ptical rath 
changing slopes Al are paral lei to the two crossing s : do surf a :ies 
respectively. When 1 1 ght sources are disposed c n t n r ee or cor e 
sice surfaces inclusive of opposite si ■lie surfaces ana adjacent 



cross sice surraces, tnere is prereratry used an optical path 
changing sheet having optical oath daoaioa siooes Al 




constituted by a corxinGticr. of :he atonement toned slopes. 

The cforeir.er.zior.ed optical path changing slopes Al have 

:^c:den: or. ::o ir.cider.ee side surface :ror. the light sourse 
r or transmission light thereof and changing the optical path 
to thereby supply the reflected light t: the visual side of 
the liquid-crystal display device. In this case, when the 
inclination angle of each if the optitai path changing slcpes 
Al with respect to the sheet plane is selected to be in a range 

10 if from 35 to 48 degrees, the optisal path of light incident 
on the side surface cr transmission light thereof can be changed 
so as to be sufficiently perpendicular to the sheet plane as 
illustrated with polygonal lines and arrows in Fig. 1 so that 
illumination light excellent in frontal directivity can be 

15 obtained er f i tient ly . If the inclination angle is smaller than 
55 degrees, the optical path of reflected light is displaced 
largely from the frontal direction so that frontal luminance 
may run shirt because it is difficult to utilize the reflected 
light efficiently. If the inclination angle is larger than 

2 0 4 8 degrees, the condition for total reflection of light inciden t 
on the- side surface cr transmission light thereof cannot be 
satisfied so that efficient* of utilization of light incident 
on the side surface may run sncrt b^ca\ise light leaking from 
the optical path changing slopes increases. 

25 From the point of view cf optical path change excellent 




tine liqu ic-crysial display panel cn the basis of Sr.ell' s lav; 
cf refraction. Incidentally, the condition for total 
reflection by a glass plate is generally 42 degrees. In this 
case, light incident on the side surface is made incident on 

10 the optical path changing slopes while transmitted in a state 
in which the light is condensed in a rage of ±42 degrees. 

A plurality of the optical path changing means A having 
the optical path changing slopes Al are generally formed as 
a repetitive structure as shown in Figs. 4, 5 and 6 for the 

15 purpose cf reducing- the thickness of the optical path changing 
sheet. In this case, from the point of view of reflecting back 
light :ncident on the incidence side surface and transmitting 
the reflected light toward the counter side surface efficiently 
to thereby emit I ight on the whole surface of the liquid-crystal 

20 display as uniformly as possible, it is preferable that a 
plurality of optical path changing means A are formed as a 
structure including gentle si opes A2 inclined at an inclination 
angle of not larger than 10 degrees, particularly not larger 
than 5 degrees, mere particularly not larger than 3 degrees 

25 with respect to the sheet plane, and flat surfaces A3 inclined 




2 b is preferably formed as a structure in which :he angle :f 
the steep slopes is selected to be r.o: smaller man 35 degrees, 
particularly rot smaller than 50 degrees, more particularly 
not smaller than *f 0 degrees so that a flat surface A3 can be 
widened . 



When a reflection layer 81 is disposed on the tack : i 
10 the optical path changing sheet 11 as shown m Figs. 1 and 1, 
a gentle slope A2 c r a flat surface A3 can function as a portion 
on which external light is made incident and through which 
reflected light of the incident light by the reflection layer 
81 is transmitted. Hence, display can be made in a reflection 
15 mode using external light when the light source is switched 
off. Hence, a transmission-reflection double type 
liquid-crystal display device can be formed. 

In the aforementioned case, when a plurality of optical 
path changing means A are formed as a repetitive structure of 
20 adjacent optical path changing means A each having slopes Al 
and At as shewn in Fig. 3H, it is preferable that the angle 
difference among molmati on ancles of the s it pes A2 with respect 
to the sheet plane is selected to be not larger than 5 decrees, 
particularly not larger than 4 degrees, tore particularly not 




display device, especially trie :p: t imum viewing direction in 
a directicn near the frontal direction from changing widely 
by the reflection by the gentle slopes A2, particularly from 
changing widely in between adjacent gentle slcpes. From the 
point of view :f obtaining bright display m an external light 
mode, it is preferable that the pr electee area of each of the 
gentle slopes A2 on the sheet plane is selected to be not smaller 
than 5 times, particularly 10 times, more par ticul ari y 1 5 times 
as large as the pro] ected area of each of the cptical path changing 

15 slopes Al cn the sheet plane. This is for the purpose of 
improving efficiency of incidence of external light and 
transmittar.ee of light reflected by the reflection layer. 

As shewn i n Figs. 1 to 6, the cptical path changing means 
A is pro vided so that the ridgelmes c f the optical path cnanging 

2 0 means A are parallel to or inclined to the incidence side surface 
c i: tne i q u i e - c r y s t a 1 d i s p 1 a y p a n e 1 1 en wh ice the 1 1 a h t source 

r\ ma y c e c o r me o s o as to c e c e n 1 1 n u e i r r om ens e rid to t h e o tier 
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cr heiaht: thereof. It 



.an 5 ti^es as large as the depth 
.her preferable from the point 
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view or unncrm ngnt emission on tne display screen of the 
J that the length is selected to be not larger than 500 
// m, particularly m a range of from 10 to 480 ^ m, more 
particularly in a range of from 50 to 450 ;i m . 

The sectional shape cf the optical path changing means 
A and the repetition pitch of the optical path changing slopes 
Al are net particularly limited. They can be determined 
suitaoiy in accordance with the uniformity of light emission 
on the display screen cf the panel in a transmission 
i swi tching-on) mode because the optical path changing slopes 
Al are factors for determining luirinance. They can be further 
determined suitably in accordance w::h the uniformity of light 
emission on tne display screen of the panel in an external light 
code : n a t r ansmi s s ion- r e f I e c f : jii double type 1 1 qu id- cr ys t a 1 
display devize. Hence, the quantity of light wni ch optical 
rath is cn anged can be control lea : n tne basis of the dist ribut i on 
density thereof . 



nerer o 



donation ancles of tne s ^ o r> e s A 




10 changing means A may be dispcsed at; irrei^lar intervals so that 

the pitch ;.s narrowed as the optical path changing means A goes 
rather from the incidence side surface to thereby make the 
distribution density of the optical path changing means A high 
as shewn m Fig. 8. Alternatively, the pitch may be provided 

15 as a randcn pitch sc that light emission in the display screen 
of tne panel can be made uniform. In Figs. 7 and c, the arrow 
shows the direction of transmission of light lnndent on the 
iniiden :.:e side surface . 

Incidental ly, when a transmission-refleicirn couble type 

20 liquid-crystal display device is provided, unnatural display 
may be caused by shortage of transmission of display liaht if 
the optical path changing slopes Al overlap pixels cf the 




2d reduced as surficiently as possible to cnerebv keen suf ricient 




^han AO Aim., particularly in a range of from 3 to 2 0 uv?. f mere 
particularly in a range of from 5 to 15 p. m in terms of the 
projected width thereof on the sheet plane . The pro: ected width 
is also rreferat le from the point of view c f preventing display 

10 quality from being lowered because of diffraction in 

consideration that the coherent length of a fluorescent tube 
is generally about 2 0 ^m. 

It is preferable from the aforementioned point of view 
that the distance between adjacent ones of the optical path 

15 changing slopes Al is large. As described above, however, the 
optical path changing slopes serve as a functional portion for 
substantially generating illumination light by changing the 
optical path of 1. 1 g h t i n c i dent on the side surface. Hence, 
l f the distance is too large , illumination at the timeof lighting 

20 becomes so sparse that display may be unnatural. In 

consideration of these, the repetition pitch of the optical 
path changing slopes Al is preferaoly selected to be not larger 
tnan 5 mm, particularly in a range of from 20 u m to 3 mm, more 
particularly m a range of from 5 0 a m to 2 mm. 

25 When the optical path changing means is constituted by 




10 stru::ures are formed t :.) : : inclined v;i:h respec: to the 
::i:i:e:ice side surface so that tne repetitive prismatic 
s t r u c t u r e s ma y ic e arranged :d cross cce pixels to thsrebypreve n t 
moire is used preferably. On this occasion, if the inclination 
angle to the incidence sice surface is too large, deflection 

15 occurs in reflection by tne optical path changing slopes Ai . 
As a result, large deviation occurs in the 'direction of chancing 
of the optical path. This is ap't to cause lowering of display 
quality. It is, therefore, preferable that the inclination 
a n g 1 e o f the ridcelmes t o the incidence side surface is selected 

2 0 to be in a range of ±30 degrees, particularly in a range cf 
±2 5 degrees. Incidentally, the synod " ± " means the direction 





include polymers cr curable resins as shcv;r. in the description 
of the transparent protective layer, and glass. An optical 
path changing sheet made from a material exhibit in no 
t ire f r i ngence or 1 1 1 1 e b i r e f r in a en ce i s used pr e f e rat ly . Fron 

10 the point of view of suppressing the quantity of loss of light 
enclosed in the inside of the panel by surface reflecticn so 
as not to oe allowed to output to thereby efficiently supply- 
light incident on the side surface or transmission 1 ight there: f 
to the optical path changing sheet, particularly to the optical 

15 path changing slopes Ai, the optical path changing sheet is 
preferably obtained as an optical path changing sheet formed 
from a material in which the refractive index difference fr:m 
the nearest iigui :i-crystai ceil substrate is not larger than 
0.15, particularly not .larger than 0.10, more particularly not 

20 larger than 0.05 so that surface reflection is suppressed. 

The opt i ca 1 pa t h chanc; ing sheet niayde f o rmed by a suitable 
method such as a cutting method. Examples of the production 
method preferable from the point of view c: mass crcducticn 
include: a method in which a thermoplastic resin is pressed 

2d against a moid eatable of farming a pr eae t e rmi ned shape under 




hearing thereby transfer the snare; a method in which a mole 
capable c: forcing a predetermined snape is filied with a 
hot-melted thermoplastic resin or a resin ilnidiced by heat 
cr cy a scivent; a rtethcd in whi.cn a fiuid resin p c 1 ym er i z ah i e 
5 by neat, by ultraviolet rays or by radial rays is polymerized 
:n the condition that the fluid resin is sast in a rtoid capable 
of forming a predetermined snape or the mold is filled with 
the fluid resin; and so on. The thickness of the optical path 
changing sheet can be determined suitably. From the point cf 

10 view of reduction m thickness, the thickness of the ooticai 
path changing sheet is preferably selected to be net larger 
than 300 fim, particularly in a range of from 5 to 200 urci, more 
particularly in a range of from 10 to 100 ;i m . Incidentally, 
the optical path changing sheet may be also formea by a method 

15 of adding opt ical path changing means made of one kind o f ma t er ia 1 
or different kinds of materials to a resin sheet. 

The optical path changing sheet is disposed on the back 
side opposite to the visual side of the liquid-crystal display 
panel. On this occasion/ from the point of view of improvement 

20 of reflection efficiency by the optical path changing slopes 
Al O'f the optical path changing means A ana hence luminance 
cue to effective utilization of light incident on tne side 
surface, it is preferable, as shown in Figs. 1 and 2 by way 
of examples, that the optical p^ath changing sheet is arranged 

25 ana bounded to the liquid-crystal display panel through the 
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cf suppress i or. or surface reflection in accordance with the 
optical path changing sheet, it is preferable that this bonding 
process is made fcy the adhesive layer in which the refractive 
index difference between the adhesive layer and the nearest 
liquid-crystal cell substrate is not larger than 0.2, 
particularly net larger than 1 .15, more par:icularly not larger 
than 0.05. The adhesive layer 12 may be if a light diffusing 
type in accordance with the visual side adhesive layer 13. 

As shown in Figs. 1 and 2, a reflection layer 81 may be 
disposed on the outside, that is, the back side (opposite to 
the visual s ide ) of the optical path changing sheet 11 as occasion 
demands. The reflection layer is provided for reflecting and 
inverting light leaking from the optical path changing sheet 
to thereby make the light incident on the critical path changing 
sheet again. As a result, improvement c f light utilizing 
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a sputtering metric a, cr the like; a reflection sheet caving 
Che coating cr dec: sited layer supported by a substrate made 
of a film, or t he I i ke ; a reflecti:niayerhavingnigh reflectance 
and mode cf a sheer of metal f:ii; and so on. The materials 



iu are oartiou. 



ariv orererariv usea 



.: o r m i n a a 



.ucuia-crystai aisr.av 



t ransmi ss ion- re r i ect i on ac ub i e c yj 
device . 

The reflection layer to be formed may exhibit a light 
diffusing function. The reflection layer has a diffuse 

15 reflection surface for diffusing reflected light to thereby 
attain improvement of frontal direct i vie y . When the reflection 
layer is formed by a surface roughen ing process , the reflection 
layer can prevent the production of I Jew ton rings due to adhesion 
to thereby improve visibility. Hence, the reflection layer 

20 may he merely placed on the outside of the optical path changing 
sheet or may be stuck closely onto the optical path changinc 
sheet by an adhering method, a vapor deposition method, or tne 
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:a~ patn changing means, tne reelecting et re:' 



re improved to tnereov orevent leakina liant almost oerrectlv 




by a meihcu ::r.pr:s:ng :he steps cf: rcrr.ir.g a surface of a 
film substrate as a fine irregularity structure by a suitable 
method such as a surface rcughening method using sandblasting, 
matting, or the like, or a p art i cle adding method; and providing 
a reflestion layer on the film substrate so that the fine 



irregularity structure is reflected m the reflection layer. 

10 Tne reflestion layer having such a fine irregularity structure 
in vtuch tne fine irregularity structure of the surface is 
reflected can be formed by a method of providing a metal on 
the surface of the film substrate by a suit at le vapor deposition 
or plating method such as a vacuum vapor deposition method, 

15 an i c n - p 1 a t i n g me t h o d or a sputtering me t h c d . 

In the liquid-crystal display device according to the 
present invention, a great part of light incident on the incident 
side surface is transmitted backward through reflection based 
on laws of re fraction thr ough the upper and lower cell subs t rat es 

20 on the basis of thickness proportion of respective layers in 
the liquid-crystal d i s p 1 <a y panel . While light emitting 
; leakage ; from the surface of the panel is prevented and while 
total reflection at the interface between the optical p>ath 
changing sheet 11 having tne adjusted refractive index and the 

25 adhesive layer 12 is suppressed, the optical path of light 
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rear pc:r_^on. cp_..::^ pa-n o.l _ne j:ner part ngnt is 

efficiently changed to ihe viewing direction. Hence, disolav 
excellent in uniformity of orightness on the while surface of 
the pane 1 di sp 1 ay s c re en can he a chi e ved . Hen ce , a t r ansmi s s ion 
type or transmits ion- re f ie ::ti in double type 1 1 qui d- c r y s t a 1 
display device k right, easy to view and excellent m disolav 
quality can be formed because light from the light source can 
be utilized efficiently. 

According to the present invention, optical devices or 
parts such as an optical pact changing sheet, a 1 iqui i-cr ys tal 
ceil, a polarizer, a retiarier, etc. for forming the 
liquid- crystal display device may be wholly or partially 
integrally laminat ed/ f ixed ;cito one another or maybe disposed 
separably. From t h e po i n t o f v i e w of prevent! o n c f 1 owe r ng 
of contrast based o-n suppression of surface reflection, etc., 
it is preferable teat such devises or p~rts are fixes onto one 
another. A suitable transparent adhesive agent such as a 
taciifier can be used for the fixing process. The transparent 
adhesive layer may contain transparent ^articles as described 



a io o v e so t n d t 
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a ber:Zop::er.:r.5 compound, a benzcrricizcle cc-pcund, a 
cyanoacry* are compound, a nickel cmpdex salt coirxound, ere. 
Example 1 



An acrylic ultra viol et- cur ab le resin (AR3NIX UV-37C1 
made by T I ACCUSE I Co., 1 1. d . was dropped by a dropper sc that 

i 0 a mo id processed into a pr ede t e r mi nod scape a ri a dvance was filled 
with the acrylic ultraviolet-curable resin. A 
cnacetyl cellulose (TAG) film (having a saponified surface and 
having a refractive index cf 1.48 5; c : 0 // m thick was quietly 
set on the acrylic ultraviolet-curable resin and then stuck 

15 closely to the acrylic ul traviolec- curable resin by a rubber 
rol ler so chat a surplus of trie resin and air bubbles were removed . 
linen, tne acrylic ul tra violet-curable resin was irradiated with 
ultraviolet rays by a metal haiide lamp so that the resin was 
hardened. Then, the resin was released from the mold and cut 

20 in to a pr ece t e mined s i. ze . Thus, an opt l :al path changing sheet 
having an iptical path changing means layer having a refractive 
index of 1.533 was obtained. An adhesive layer having a 




risrt-li-:e concave por:icr.s ::ad an opii:ai path changing 
slope Al , ani a gentle slope A! . The iricl ina:i-:n angle of each 
of the optical path changing slopes Al varied in a range c: 
i" r o it 4 2.1 to 13 si e g r e e c The inclination ancle of each of the 
10 gentle slopes Al varied in a range of frcrn 1.1 to 3.5 decrees. 
1'' he difference b e t w e e n the inclination angles o f adjacent <: n e s 
of the gentle slopes A2 was not larger than 1.1 degrees. The 
projected width if each of the cptical path changing slopes 
Al on the sheet plane was in a range of from 10 to 16 u rn . The 
15 ratio of the projected area of the gentle slopes on the sheet 
plane to the projected area of the optical path changing slcpes 
in the sheet plane was n::t smaller than 12. 

Then, a c ;> 1 d - c a t h o d e t ub e was d i s p c s e d or. a side surr'ac e 
cf an a v a i 1 a b 1 e normally white transmissi o n t yp> e T i : 
20 liquid-crystal panel. The co id-ca t hcde tube was enclosed in 
a reflector made of a silver-deposited reflection c--~.-.- 
opposite end portions of the reflector were bonaed 
ana lower surfaces of the panel so that the ooi d-sath 
was fixed. Then, a light diffusing flirt including a 
25 and a res in-pa r t i cl e- cent a i nine adhesive laver ore v idea o 





:e v;sua. sice, . 



i e cane 



was a.spo^ea on a re. - o c „ i c :; sneer naae or a v;n::e polyester 
film so :na: the cptocal peon changing sheen was positioned 
on one back sice opposite oo one visual, side. Thus, a 
transmission type liquid-crystal display device was obtained. 
Incidentally, the refractive index of the to ; 1 substrate near 
one optical path changing sheet in the liquid-crystal panel 
wa s 1.485. 
Example 2 

A transmission type liquid-crystal display device was 
obtained in the same manner as in Example 1 except that the 
optical path changing sheet was replaced by an optical path 
changing sheet having optical path changing means (Erg. 3B) 
each having an optical path, changing slope Al inclined at an 
inclination angle o r about 42 ae g r e e s , a steep slope A2 ma k i n g 
a vertical angle of 70 degrees with respect to the optical path 
changing slope Al, and 3 flat portion A3 having an area of not 
smaller than 10 times as large as the total projected area cm 
the optical path changing slope and the steep slope on the sheet 



;ransmission 



aiso^av aevice was 



* 



projected width of 10 

A2 ir.c lined at an 
inclination angie of about 55 degrees and m which one direction 
of the i one to of one optical path chancing slopes Al was parallel 
0 to the incidence side surface and in whioh the optical path 
cnangmg neans were disposed gradually densely as the optical 
path changing means went farther from the incidence side surface 
m the depthwise direction. Incidentally, the area of the flat 
portions A3 was not smaller than 10 times as large as the total 
5 projected area of the optical path changing slopes and the steep 
slopes on tine sheet plane. 
Examcde 4 

A transmission type 1 iquid- cr ys t a 1 display device was 
ok tamed in the same manner as in Example 1 except that the 
0 or-tical. natn changing sheet was replaced by an critical path 
eet {Fig. 6} which had optical path chancing means 
:ach having a Length of 6 0 /in and each caving an 
riancoo o t an o p 1 1 c a 1 path changing s 1 o o e A 1 inclined 






10 ared cZ the opri;;al path changing slopes and the steep slopes 
en the sneet plane. 
Example 5 

A transmission type liquid-crystal display device was 
obtained m the same manner as in Example 1 except that the 

15 optical path changing sheet was replaced by a scattering sheet 
rc rmeaby a sandol as t ing process . incident a lly, thescattenng 
sheet was disposed so that the rough surface of the scattering 
sheet was positioned on the back side opposite to the visual 
side . 
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A transmission type 1 i quia- cr ys ta 1 display device was 




1 ? 



cold-cathode ture was disposed on a side surface of 
:-fh:ck 1 ight p>ipe having an e:r£ ossed rough surface :n 
10 the bace side opposite to she: visual side. The cold-cathode 
tube was enclosed in a r e f 1 e c t o r m a d e of a s 1 1 v e r - d e v osit e d 
reflection sheet. Opposite end portions of the re fleeter we re 
bonded to upper and lower surfaces of the light pipe. The light 
pipe was disposed on a reflection sheet made of a whi te polyester 
15 film. An available normally white transmission type TN 

liquid-crystal panel was disposed on the light pipe through 
a iignt diffusing plate. Thus, a transmission type 
1 1 qu ^ 1- c r ys t a 1 display device was attained. 



Evaluation Tes: 
20 Frontal luminance in the center ; 

1 1 qu id- c r ys t a 1 di so 1 a v device ob t a i ne 



he transmission t y p e 
n each of Examples 1 
made ov TOPCCt: 



^ i quia- crystal cel. was s uppi :ed 
:e measurement were shewn in the 
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1 t is apparer.: from the Table :ha: excellent frontal 
lu^;nar::e was achieved in Examples 1, 2 and 3 compared with 
Examples z and c. This is because light m Examples 5 and 6 
output: in a direction reverse to the light source and served 
5 as output light hardly contributing to display so that frontal 
luminance ran short. Particularly m Example 5, output light 
ran short in all directions. On the other hand, in Example 
1, imprc vement of luminance due to the two-lamp type panel was 
remarkable. It is apparent that more brightness than that in 

10 the side-lighting type light pipe in Example 7 was obtained 
in Example 4. Incidentally, in the system using the 
side-light ing type light pipe m Example 7 , increase of thickness 
due to the light pipe was remarkable, so that it was difficult 
to reduce the thickness. 

15 In Examples 1 to *1 , good display quality was obtained 

because there was no problem on visibility in the condition 
that a voltage was applied to the liquid-crystal cell. In 
Example 3, the case where the light diffusing sheet was removed 
was inferior in visibility but equal in frontal luminance to 

20 the case where the light diffusing sheet was provided. it is 
proved from one above description that a transmission type 
liquid-crystal display device excellent in display quality can 



